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as bacteria) that metabolize oxygen, contain the
enzyme superoxide dismutase, which rapidly con-
verts superoxide anion to less toxic products.
Some enzyme systems producing superoxide anion
are dependent on the partial pressure of oxygen
and, therefore, this mechanism could be toxic at
higher Po2. Animals that became less sensitive to
oxygen toxicity by previous exposure to 85 per-
cent oxygen at 1.0 atm have increased activity
of superoxide dismutase.63 Superoxide anion may
not only be involved in many inflammatory
processes but it may also be important in pro-
tecting tissues against injury.

Another possible defense mechanism against
oxidants exists in the erythrocyte and is depen-
dent upon the presence of the hexose monophos-
phate-shunt and the reduction of glutathione.
Hexose monophosphate-shunt may be important
in the lung by providing nicotinamide adenine
dinucleotide phosphate (NADPH), which may be
used either to reduce glutathione and protect from
other oxidants or to resynthesize injured cellular
components.56'64'65

Recently, Dr. Abe and I66 have been studying
lipid metabolism in lungs of rats recovering from
three days of exposure to 100. percent oxygen.
Immediately after exposure to oxygen there is a
relatively small increase in saturated phosphatidyl-
choline. However, after recovering in air for two
to four days, the saturated phosphatidylcholine
almost doubles in content and there are also
pronounced increases in the incorporation of
precursors, such as palmitate, glycerol and lyso-
phosphatidylcholine, into the saturated phosphat-
idylcholine of lung slices. Furthermore, if the
animals are given large doses of hydrocortisone,
approximately 15 mg per kg of body weight every
12 hours, the saturated phosphatidylcholine is
about 30 percent more than in lungs of rats ex-
posed to oxygen but given 0.9 percent sodium
chloride solution instead of hydrocortisone.
The type II epithelial cells, which increase after

oxygen toxicity, contain large quantities of satu-
rated phosphatidylcholine as a component of the
pulmonary surfactant. Therefore, our findings are
consistent with the evidence that the type II
epithelial cells proliferate after injury from oxygen
and that this proliferation may be increased by
giving hydrocortisone. We also confirmed findings
in earlier studies by Sahebjami, Gacad and Mas-
saro67 who found that hydrocortisone leads to a
more rapid decrease of lung weight after oxygen
toxicity than if the animals were given a control

injection of 0.9 percent sodium chloride solution.
Furthermore, the content of DNA did not increase
significantly in lungs of animals receiving hydro-
cortisone, whereas it did increase in the control
animals. The interpretation of the DNA data is
perhaps related to a decrease of the content of
inflammatory cells of the lung when hydrocorti-
sone is given, but one might also expect more
DNA as the type II cells proliferate.

Therapy of ARDS: Positive
End-Expiratory Pressure

DANIEL H. SIMMONS, MD, PhD

I SHOULD LIKE to present some therapeutic meas-
ures that have received some degree of acceptance
for ARDs. As I shall discuss in detail the useful-
ness of a relatively new modality of therapy,
maintenance of increased lung volumes by con-
tinuous positive end-expiratory pressure (PEEP),
I will mention other modalities only briefly.

Since life-threatening hypoxemia is the most
outstanding manifestation of ARDS, high inspired
concentrations of oxygen should be beneficial.
Although this is often helpful in mild cases, it
may not adequately oxygenate arterial blood in
severe ones and, as previously reported by Drs.
Nash and Tierney, may in itself lead to worsening
of the condition.

Fluid management is critical in therapy of
ARDS. Fluid administration to increase blood
volume is occasionally necessary to avoid hypo-
perfusion caused by decreased cardiac output,
especially during PEEP. However, treatment of
ARDS usually requires the contrary procedure-
fluid restriction or diuresis, or both-to decrease
small vessel pressure and lung water content and
to reverse the basic abnormality, as discussed by
Dr. Brigham. The value of infusing colloid-con-
taining solutions to decrease the pulmonary edema
or to treat hypoperfusion is questionable; it prob-
ably leads to an increase in lung water and
worsening of the condition as much as does ad-
ministration of crystalloid solutions.

Heparin was originally used because platelet
thrombi were found in the lungs of many patients.
However, this modality remains controversial;
there is little substantial evidence that it reduces
morbidity or mortality.
The use of steroids to prevent inflammatory

changes in the alveolar wall is also controversial.
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There is no substantial evidence that these drugs
reduce morbidity or mortality, despite indirect
evidence from animal experiments-as discussed
previously by Dr. Tierney-that they might be
beneficial.

Extracorporeal membrane oxygenation (ECMO)
has been tried as a temporary means of maintain-
ing tissue oxygenation. It might be used when
lung gas exchange for oxygen has deteriorated to
the point where it can no longer maintain life or
when dangerously high concentrations of oxygen
must be administered for prolonged periods. Ex-
tracorporeal membrane oxygenation is at present
in the experimental stage.

Maintaining alveoli and airways patent by con-
tinuously or periodically increasing lung volume
has been accepted as a major advance in the
therapy of ARDS; it has been shown to improve
both inadequate arterial oxygenation and low
lung compliance, two of the major physiologic
defects. However, the critical question of whether
these maneuvers improve oxygenation of tissues
has not been established, because concomitant
worsening of tissue perfusion may negate the po-
tential benefit of improving arterial oxygenation.

Therapy aimed at improving patency of alveoli
and airways has included use of large tidal vol-
umes (when the patient is on a mechanical venti-
lator), periodic hyperinflation (during either
spontaneous breathing or mechanical ventilation),
and the usual methods for clearing of airway
secretions.
The most extensive advance in the treatment

of ARDS iS maintenance of continuously increased
lung volumes by PEEP. Despite dramatic improve-
ments in arterial oxygenation68-73 and related lung
compliance,70'73 we do not have definite evidence
that PEEP iS of value in all patients or even that
it is not detrimental in many others.

Positive end-expiratory pressure has been used
most often with mechanical ventilation, as first
suggested by Petty and Ashbaugh in 1971.4 Con-
tinuous positive airway pressure (CPAP) during
spontaneous breathing, first recommended by
Gregory and associates74 for use in the infant
respiratory distress syndrome, has also been used
recently in the adult syndrome.71 73'75 And even
more recently, the combination of PEEP and CPAP,
with intermittent mandatory ventilation (IMv)
and a combination of spontaneous breathing and
mechanical ventilation, has been suggested to
avoid different adverse effects of both PEEP and
CPAP.76

In many but not all studies, a major complica-
tion of PEEP has been a decrease in cardiac out-
put and oxygen delivery with potentially worsened
tissue oxygenation, despite its beneficial effect on
arterial oxygenation.1'08'72 This complication might
be avoided by use of CPAP during spontaneous
breathing,71 2'75 although hemodynamic effects of
CPAP have not been systematically studied in
ARDS.77 On the other hand, CPAP results in adverse
and potentially serious ventilatory responses.76'78'79
However, this has not been well documented; the
thorough review of CPAP by Downes72 does not
even include this potential complication.

Therefore, Dr. Gothe and I did a systematic
study of hemodynamic and respiratory responses
of a model of ARDS induced by intravenous in-
fusion of oleic acid into anesthetized 'dogs.78'80
Eight of these dogs were subjected to various end-
expiratory pressures during mechanical ventilation
(PEEP) and six to the same levels of end-expiratory
pressure during spontaneous breathing (CPAP).

There were several objectives: The first was
to determine and compare both hemodynamic
and ventilatory responses with the two types of
increased end-expiratory pressure. The second was
to determine whether there was improved tissue
oxygenation with either technique, as shown by
changes in the oxygen tension of mixed venous
blood (Pvo2), an indicator of the state of tissue
oxygenation.81 The third objective was to deter-
mine whether pulmonary reflexes, arising in the
lung, played a role in the ventilatory responses to
CPAP and if they had an adverse effect on venti-
lation.

This study was designed to avoid the following
problems associated with most reports about the
use of PEEP and CPAP: (1) In many studies, Pao2
was adequate, if not normal, before administra-
tion of PEEP, which would therefore not be clini-
cally necessary. Under these conditions, the only
possible important effect is a decrease in cardiac
output and oxygen delivery because of only minor
potential for improvement in arterial oxygen con-
tent. (2) In most studies, the state of tissue oxy-
genation was not assessed by criteria such as Pvo2.
Although oxygen delivery was often reported, it
has not been an adequate criterion for estimating
the state of tissue oxygenation; it does not corre-
late well either with changes in tissue Po2 or de-
velopment of lactic acidosis. (3) Several studies
were done on patients without ARDS but with
other diseases, such as chronic obstructive pul-
monary disease (COPD) or congestive heart failure.
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(4) Many studies were conducted with levels of
PEEP inadequate to produce significant changes
in severe ARDs. (5) Although findings in some
studies showed effects on Pvo2, the changes were
of questionable statistical significance.

In this study, while the dogs breathed 100 per-
cent oxygen, sufficient oleic acid and intravenous
fluids were given so that Pao2 was less than 60
mm of mercury, a condition in which some type
of PEEP is thought to be necessary. Measurements
were made without any end-expiratory pressure
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of end-expiratory pressure progressively improve
arterial oxygenation. The effects of PEEP and
CPAP, although statistically different at some
levels, would not be significantly different thera-
peutically.

Figure 1 B shows that improvement in arterial
oxygenation is due principally to a decrease in
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CPAP? 6dogs mean control value of 27.5, approaching the level
critical in development of anaerobiasis and lactic

25 acidosis,828' rose to a mean of 34, significantly
above the original level. The second important

20
E point is that the increase in Pvo2 during CPAP

0 ' was even greater, since arterial oxygenation im-
> proved without a decrease in cardiac output. Thus

0° \F--jf 15 0 CPAP, when applicable, results in greater improve-
l* ';ment in tissue oxygen tensions than does PEEP

ao . 1 0 at the same end-expiratory pressure. One impli-
> cation of this is that during CPAP lower concen-

0O_ _ 5 D trations of oxygen or less pressure may be neces-
E sary than during PEEP.

Because of the difference in hemodynamic re-
cl 0mih prfrbeHw

0 5 10 15 20 sponses, CPAP might be preferable to PEEP. How-

END EXPIRATORY PRESSURE, cm H20 ever, significant differences in ventilatory re-

*-Mean and standard error of respiratory rate sponses were also noted Figure 1iF shows that
volume (VT) and minute ventilation (VE) at o, mean arterial carbon dioxide pressure (Paco2)
and 20 cm of water of CPAP during spontane- remained constant during PEEP with constant
hing (significant changes as in Figure 11). mechanical ventilation, as expected. However,

monary shunts (that is, a decrease in the Paco2 rose during CPAP at every level of increased
of total cardic oend-expiratory pressure, presumably because of

of, ttlcricottQtpathe external ventilatory load, which can decrease
the lungs without gas exchange for oxy- ventilation and cause hypercapnea. The increased
here are minor differences between the work of breathing could be both inspiratory and
If PEEP and CPAP. expiratory, as expiration is often active rather than
e ll1C shows a significant fall in cardiac passive during CPAP. Furthermore, the increase
t the highest levels of PEEP, a complica- in lung volume associated with increased expira-
quently reported. In contrast to PEEP, tory pressure may result in decreased compliance
is no significant change in cardiac output and increased inspiratory work of breathing.
ncrements of CPAP, resulting in a signifi- Therefore, although CPAP seems to be preferable
igher cardiac output at the highest end- to PEEP because of a significant difference in
ry pressure than during PEEP. This dif- hemodynamic responses, ventilatory responses are
is probably because mean alrway pressure a potential drawback.
;aneously breathing subjects is lower than To examine further the mechanism of the ven-
mechanical or positive pressure ventila- tilatory response during CPAP, we studied effects
[is occurs even at the same end-expiratory of 15 cm of water of CPAP on respiratory fre-

75resulting in difference in mean intra- quency (f), tidal volume (VT) and minute venti-
pressure, venous return, and cardiac out- lation (VE) of six dogs (Figure 12). Respiratory

frequency was extremely high at the onset; it
e 1liD shows essentially the same effects dropped during CPAP, but not significantly. Tidal
en delivery, which depends on both car- volume decreased slightly. The minute ventilation
itput and arterial oxygen content. De- (the product of frequency and tidal volume) fell
cardiac output seems to have had more significantly during CPAP, accounting for the in-
an improved arterial oxygen content dur- crease in Paco2.
P. In order to block afferent impulses of pulmo-
e 1lE shows mean Pvo2 at various levels nary reflexes (which might affect ventilation),
xpiratory pressure. Two critical points are these measurements were done before and after
First, mixed venous oxygen tension rose cooling the cervical vagi to 2°C. Figure 13 shows
creasing end-expiratory pressure during that blocking the vagus resulted in a change in
.EP and CPAP, suggesting that both ma- breathing pattern from rapid shallow breathing to
improved tissue oxygenation,8' a point slow deep breathing. This was probably caused

[-established previously. During PEEP, the by blocking afferent impulses from stretch recep-
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ADULT RESPIRATORY DISTRESS SYNDROME

tors in the lung,84 which may be abnormally ac-
tive in abnormal situations such as this model of
ARDS. Total VE also decreased. However, Figure
14 shows that vagal cooling resulted in a very
significant decrease in Paco2 during CPAP. This
can be attributed to the decrease in f, so that the
VT, no longer limited by high flow rates, in-
creases.84 Despite a decrease in total minute ven-
tilation, Paco2 improved, indicating that a de-
crease in dead space ventilation with lowering of
f was a major factor.

These data from animal studies suggest that
(1) PEEP and CPAP can improve tissue oxygena-
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Figure 13.-Mean respiratory rates (f), tidal volumes
(VT) and minute ventilations (VE) (±SEM) of spontane-
ously breathing dogs on 15 cm of water of CPAP before
and after cooling both cervical vagi to block afferent
limbs of pulmonary reflexes.

* =significant changes.

-5J
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Figure 14.-Mean changes in PaCO2 (±| SEM) of 12
spontaneously breathing dogs with and without 15 cm
of water of CPAP, and with and without cervical vagal
cold blockade (cooled versus uncooled). The order of
normal and vagal blockade was alternated in two
groups. The number of measurements for each mean
is shown.

tion when used under appropriate circumstances,
(2) CPAP is potentially the more effective of the
two at any given level of end-expiratory pressure
and (3) CPAP can also cause stimulation of lung
reflexes, an abnormal breathing pattern and sig-
nificant hypercapnea. Perhaps these data will have
some significant implications for therapy of ARDS
in humans.
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Cigarette Smoking and Early Menopause
WE STARTED LOOKING at our data for one reason or another on menopause and
at the same time we were looking at our data on smoking. So we looked at
the two of them combined and, lo and behold, we found that there is a striking
relationship between smoking and age of menopause. A summary of data . . .

shows that women who smoke tend to have an earlier menopause, and the more
a woman smokes the earlier the menopause. At age 48-49, for example, among
195 never-smokers only 26 percent were postmenopausal at that time; among
heavy smokers, almost twice as many, 46 percent, were postmenopausal; at 50-51,
56 percent of never-smokers, 79 percent of heavy smokers were postmenopausal.

-HERSCHEL JICK, MD, Boston
Extracted from Audio-Digest Internal Medicine, Volume 25,
Number 19, in the Audio-Digest Foundation's subscription series
of tape-recorded programs. For subscription information: 1577
E. Chevy Chase Drive, Glendale, CA 91206.
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